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,-PCR
R'@F!7(N A0s','"
$PcDNA!g(FKLS@"!''g7('
PCR0" I 2.5 l0 cDNAZ	0"
M$9%'$9 (','0Zs( 'a
0" I@ &  ]"(Biometra),-4N A
 lCDoE/%P Taq DNA Polymerase
lroEMgCl2mMoE 
loEdNTPsmMCE 
loDS@- XCE
lroE,"
 # 	0mMDE 
Y!%iPM;a!" Z/A6lDo
N 'A,'Z+'g"!'/'A:
6 " P0s
7( PCR@ '& ' ]'"!"i'@
4 " @xB+!" '"'4
$ 0oDYL"h 2m
+
.@
" YFhG*YF($DNA*']
""4.7(PCR$9 	
2m 
jfE "!"
?!2 " VxB+!" "'4
BEfE "!"u(P VnEor+!" '"'4
$9'h '	
' 2mC'YL"
 "!"
?(rD+!" "4,-4N AF"
fo
@fE@2m
 '"!"'YL"O('[' Z
?(@rD
+!" "4''-4'g!".J!PCR ?'
F* K$! @	 IF+"'[ I
 
!"!7	8$ 0" YFu(PBo '" V
Pu(nBnE+!" "4M40 'XP5R a
,''"''MCxa.7(''PCR$9"''	''

 2m"!"**; 'j!" 4+
,-4N A$ @.'4"'*PN'10$ (3
**%$(17(	!"I(&(! ,-!
 +$P!"cDNA" IKY! "iP.
7(N A0FPCR'(Z'S@0$ '(3
FKL&'Q'g"!PCR&90!'-@*j'
0! '4PD' "4'!'<!".' FKL0'< :
 	 NSFNSRDfD 0"0 ,I+
CCft Cfnx*'0cDNA 
' '!
 ".FKL&3'0< : '	HBF
HBRCxC'0'"0 ,I+xB 'DtB0
!
"#$	%&'()*	+ ,"-.)/,)0
 = 
*'cDNA2m ' 'oBf'<!"GC '!
".

1 '2*'DNA3"#
!g( ,	< :[ FKL 0PCR' DfD

$! '(-$9,'d'30
j$Z,Microgene*
F* 
!""+Gene Bank Y.

4445!!
$9$ !
[!< 
g"! 	 [2m" I' 	0
!%-NUvitech$9$ '[',G''"4
F

2m	!"$(1['=6 '
-4g!"$P$9$ .!'g(
'F
:!"$ $"I( ,GSRT-PCR
F0s
!"G$ [ 	 
] 4	mQ

] 0 
] =6 0
F"1
m'Q
! F$(1 P" I$ .N ' 	
("!:
0#   $ $'(1,'GS

 $  	("!'$'(1!"'I(
:RT-PCRg!"-4.

&%1&
!g($ '$%'! P%* P
' '
!%-N0" ISPSS$0PANOVA'-3!"
4,-4!L Y"!\> 	.

6
dYQ
!"BC$ !DE'
,- H : 	0!((F+$! 
 {!N $ ! M5a(-4!LF* K"!%G.0
BC!fC/64!"CE'
"/6J64!"(.0fC%/6
Cr*:!"CB-?'':!"
"!L!(. I(*"X
(U	Cf0! 1! 
!Ct'"!4!"!"! .
] '
/6'!4!"$! (CtoC& '!"
J6!4/6xCDt& MBoCo* a"'.
'4"'	!"$ ''2m'3!"! _0
J6!/6'/'6"'# '.$ ''!
4!"
!$P$ '7%'-\'> '	
40h : 	""$ ?'! !
!Y
oo'<!"' : '	!'
BC/nf<!"'! 	' .
'!"
% 	!tE0<!" 	/'6J'6!'
EnB/ot 0<!" 	$ ''/6'!'
' '0!,GS
.'$ '!" '	
 '	!!"
'$ '$%/6!
:-?BDrC  Y!"<!"EotBr<!"
' : '	!' "' ' *. ' ($ ' 

J'6',G/6 	!!"
/'6 
 ''*: 	!0/64!"*7	 
$ ?7%--?# '$% H G!!"	"
&
!"S@ 	''g' $ ''!
+!"7%- 
,'	!./'	
# $ 
(2J6 	!!"
'/6
0FG(& 	(	S@& :!"0 ':
'  	!
!"# 4S@,< 6"+
%,I4$  dYQ
!" $9
'" 0& : 
$P +$(1'16'! '(
$(1&S@h (!  . 
"" ?dGK!"$ 'H 'G!@9* ' 	
'!%0   I(*"X4!" 

	
  
 > 
4!"$9
$ <!" 	"'X'4!" 
 I(*DDrD"'X'4!"$''4!"<!"
(* IBnft<!","P. M!"'C@' '	
CD.a'!'g(!"
'$ '[''!
4 :! 	$ '$%'H G!!
+!" $Pj' 'I(*"'X'4!" 	!
4!"
$ ! '
F\> 	
N0" I!%-SPSS! P,One-Way ANOVA
 Y.'40h''
$ [
 : !7	 ! M!"'D.a
'
J6 	!!"!Y!""'/6'0# /6
'4!"
'$ 
] %/6 	!
/6!-?$P$ '
] 0# h

 :!""M!"f.a'4
'm;6

 :!/6 	!

(2/	!
(F! :!""'GMh''oBfEP
fffEPaJ'6 '	!
' /6'/'6
'4 '	''(F'*-?'/6'!!"
 MhErDEPECnEP.a?!!"
J6!4
/6'!''4/'6
m;''6''*'':''(F!",''""''+
MEEnEP.a'*':/6' '	!
'
 :(Fm;6!"G!".!"
$ 
 '	!0 I(*"X4!"$ 	!
'(Fm;'6'24"' 'I(*"X4!" !"
 M!"f.a 
 













 

7)3891234/ !5'5PCR	
2m6)7%)(!
89:
;)A<66	!6=!.>;6 !(MtMalignant tumor (Advanced stage)-B<66	!6=!.>;
65MtMalignant tumor (primary stage)- C<6?>6=!.>bbt(Breast benign tumor) 
A
B 
C 
!
"#$	%&'()*	+ ,"-.)/,)0
 ? 
@A
B000
C@DE
FF
BGD0
HDBAE
AH
GAH
0AH
CAH
DAH
FAH
EAH
BAH
@AH
IAH
$


 

 
 '
1
7
/

  
'

:.
7/

 
 '
 
 '
:
/

;-1
5
<

5
4


;-1
5
<

5

	

.
2
!
 
=
 
4

>

5
?
 
@
3
2
!
 =
 
4

 
 

 

7)3A91234/ !5'5PCR	
2m6)6"bm(Breast margin)::
(!
;)66"6=!66
)! /JK)&;"6 !LMN/N;;O)!L6O
!P6Q/RST6	U /;;"6 !L;)V!L);W X!P6
Y4/) 












5 !896OZ&!L)	
;U)?>6	!.>;-.>-6"-6 !(-65.>;
[5);\!L);[5);\!L)

 
 
 
 



5 !A96OZ&!L))	
](Tumoral6" (Margin) )).Box plot
	
 
 6" 
C
0
G
A 
0A
C 
DG
D 
IA
@A
BA
EA
FA
DA
C
0A
G
 
FDC^AP= 
	
  
 @ 
















5 !B96OZ)	
&!L.>;-?>6"-.>6	!--65
6	!))[5);\!L);-6 !(.Box plot&);4)!)&))(&!L!)	

:&;"

CD
& !"DEEEcDNA 
'$9'H
"!!"! 
*& 	J!%'4(' 3
"'=>?' '$P"@1*."!"'F& '
& DEED7	83'+
''$ '
P53!"
'N '&' '	
,GV	 ?)* [!%q" ('MCoa.!"'!
]"& !"DEEB0 '4!"(@0" I  
- ' '+!" ,(Tissue insitu hibridization) $ 'mRNA
/;!"
& 	/+ 'Z (! 
=>?'$ 'A'""!"'*&' '	
,-  	'( - % & )* &''	 
& FG3$ ' '"XmRNA
'
"]! @PMCfa.& !"DEEB
'(2/	# '$ '
0mRNA"!!"
$ '$ 3'*
 MMMK-7a0" I J!$ ?'[;'$!'
"", Vd'30
$ ! Z 
!J 	*@*"F& 	0 -!"G0/G1!L
,G!"& 	0 -S7%-'
'0' 
, Vd3% '*S@/g(!"$9

"!"7YMDEa.!"'- N 'A[ 'F* K/X1"!'
!"
''$9$ ''0 ''! @P&'' ''	
! $ 3'*"!$ A/+ Z (
 $ MMMK-7a!"
4!"[ GV
hP (Z+!6!"F* Kb	$ $ 3
!""!$ ' 	!0!"
,* 6"
&!L 
       
$


 
 '
 

 


  
'

$ 
1
/


 
 '
 
:
.
/


 
 '
 
;-1
5
<

5

  
'
 

 
 '
4

;-1
5
<

5
 
 
 '

3/
 
AB0^AP= EFE^AP= 
0AI^AP= AGE^AP= 
AAE^AP= 
GGI^AP= 
4

@
3
2
!
 =
 

 
N= 
 
!
"#$	%&'()*	+ ,"-.)/,)0
  
7']?'=>?'!"$P,	%''Z4P
 +!"$"=>?$ ' 	!!"!:
,-][!<.(2	''6[ 'F* KS
d30$9
7Y0 ! @P $ ! Z$P 6"'
MDBDECta.!"$9
'$ '%[ F* K0"F!"
,- 01"! 	 	'! @'P 3*
9 !"$P4!",'- 
% '	"! '	*'
,'![ GV 3MCfCxDoa$( ''*
!"YYQ"!$ $ ',	%$9
$ N1 
!"$ ' '	!'Z4P7=>?!"$9

,''-][!<$ A !P,F+!"$./'	
8 $9
$ H G!
(24 	@9* @(
0!j I(*"X4!"8!
+!"% :,?J!%4!.'+ *
$ 'H 'G!e6!"*[ F* K0< :O 
'F'+0 '	!01%9  

$ G,'- R@ ' S[ 
/:!&P:  (! ,- hL (! "P
"!50"F% 	 3'*MCfDEDna

$9$ !F* K
0m	$'(1
*@*!  7=>?!"Y*  '	!Z4P
$ !3: $ ;G!"8&  $'iX
 .0 ' '	!\>5![ F* K
FG$ 3+$ ',""$ ?
&1!"
$  3 	!""'
,- !"* : 	( )* & - % )* 
& 	$  "X& & "'MCfa.
$ ?% O !"
'$ '$%''	"
 	?!'O 'm;6' '' 
!"
$ GL[ F* K 	 :'
	 ~FG3"4	 ?% ,- .$%'24
7%-
$ (F!"!'4!"!
,G 	 :$ ?!'	". 'AP0
X(0 :@I!0!'
$P!,LJ! '! '(!"' '	
J!& 1%!,"!" !" 	0 '!"
 	! AP0%"_LI"!+
"''S- N @QNLg0",I/6
 ,-  ,(	
 	m3(G2
$P0> 	
F*"*"
','	
$ '$%'7	8'
'!"5{!"
'
 	 :!'"4 Y!.O '
$ ''@(;1P,"$"'@?''4
 	/*  :0-4! '' 
!"
?$  	',G'!'
 	 :(F*"!m;'6$"'G!"
!'' :!''4"
'$9
'$ 
!
''$'(1!"Y* ' !'! '-
'" Z(?'$ ' 	!'(!$P0" I'
$(1,'- '@I!"*'@*! ' '	
X0!VW!".*!P,'"$"
LO 
K'!(0 ?' '	
LO  "}!! Pp Q*0"
(2/	
+ ,'- !"
''+' L$  '	
 :!'Z!"!'g'''!
 	FG3/* "-0$ ,- 'Z'
'4!'L'!"!'
$ g0%
M$(1!'L 'G0':+,'Q"-0& S
-4,- 0" I FG3 0$ *"
'   ''  ](9@?'"+M'4!%
$  	a!(	 ; :+2'
$"0""N A$ . '0:+

O!{! 1
0! +g0'
, >:+MrBa.','T'{'N0#
 "+(F!"$ '['$"G 
'!"
'
 :!4!'$ '4!"$P# 
J6!/6MtE<!"a 	!!"$P/$ 
	
  
  
/6MEnB/ot<!"a$ ,'* : '$9
'H G!4
,S@.



 0!0< :O 5A!"$(1
""$ ?$  	!!"*@*! 
" 0& : ,'S@! 

0/1*5	(F& 	0 '7'
" '(
 3& 	- % !"' 0& )* 
"(	6$ !
( & F-S@& :
*'S@7	 c1 "! Z$P$  0
!"% & 	7'
" ( 3'0 'M7'Y
&
!"
 	% '*'S@&(
,a!"*S@7	 & 	'- % '
FG3S@& :!""'Mj'Y-
'7'Y
&
S@&( 	,.a
$ '  
' 0?' $ '  '	!!"
4 : 	! .

$ TK!3(F 'H 'G!!"!"
!S@,	 "$  	M'
'
*"# ^& 	 '	!!"'S@& :!"
J6(F7%- /6 '	!
'!"!!"
J6/6/6$ ?
 (	"','I4$'
R 
 $9
" 0& : dYQ'@P +
$(1'(16! '$'(1'
,-?' '"'&''S@h (! 
J6 	!
'$ '6/6
7%- (Fc'1 ,'FG30!',-?'
J666". 

$ TK!3(F 'H 'G!!"!"
!+!"7%-7%'-"'$ /6 	
(F'*':/6' '	!
'!"!!"
$ ?-?"'X'4!" ' '	!!"	"
 I(* 'I(*"'X'4!"$' 	!0?
 .
 ( 'N ]	"H G(
(2$

'$ '# ':!,-?
7%- . 
:0!?!"
 +$P0

 6"6N-# :
 ( 
d'30
'$ '! 'Z '" '0& ': 
J! ''	''( *''@*RNAi(RNA interference)!"
 I(*"X4!"$* 	!'0$'
'0  6# : 	!
,-?
"4+ I(*"X.
O 
!
0" I'$'(1! '
,'-  ' (@I!">?0!' '	
!X$ VW!"!$P0" I''*"
0
>
(2/	!$'(1Y* '! '-
7 Z4P[
F(	" 	!"!\>
  	!7$ '	!(P! -!( 
'@
'"0 J! '! '(!"' '	O'!
"4!L" I"!	 ]? 0P.,
@
(2/	
^'7	 '!"VW'! @	!
! Z
S@& 	 $  3.',' L
$9$  0!
$(1!"*'@*! 

*!?iX& $!"$  	!
,-4!LF* K"!! ,N0# 	
'-4!'L!"!?$' 'O '' L
$ (3}!! Pg0!"".

%EF
/&)>$!4_(_O-`__


_a$_5bcY%]d<_>$_]&<
#O!S);_W#_O!S&'(_)_RST$_	%&;(_)_
_.O_&'(_O/N)_!L__)/_e
6)!5O)!_L!_M6_9!_$_+
bO/N.O)!(V

!
"#$	%&'()*	+ ,"-.)/,)0

References 
1. Smigal C, Jemal A, Ward E, Cokkinides 
V, Smith R, Howe H.L, et al. Trends in 
Breast Cancer by Race and Ethnicity, CA 
Cancer J Clin 2006; 56(3):168-83.  
2. Zepeda-Castilla EJ, Recinos-Money E, 
Cuellar-Hubbe M, Robles-Vidal CD, 
Maafs-Molina E. Molecular 
classification of breast cancer. Cir Cir 
2008; 76(1): 87-93.  
3. Pezo RC, Singer RH. Nuclear 
microenvironments. J Cell Biochem 
2008; 104(6):1953–63.  
4. Katapodi MC, Dodd MJ, Lee KA, 
facione NC. Underestimation of Breast 
Cancer Risk: Influence on Screening 
Behavior. Oncol Nurs Forum 2009; 
36(3):306-14.  
5. Venkitaraman AR. Linking the Cellular 
Functions of BRCA Genes to Cancer 
Pathogenesis and Treatment. Annu Rev 
Pathol 2009; 4:461–87.  
6. American cancer society. Prevention and 
early detection, Tumor Markers. 29 
2007.  
7. Carlson RW, Arreld DC, Anderson BO, 
Burstein HJ, Carter WB, Edge SB, et al. 
Breast Cancer. Clinical practice 
Guidelines in oncology. J Nath Compr 
Canc Netw 2009; 7(2): 122-92. 
8. Tsai RY, McKay R.D. A multistep, GTP-
driven mechanism controlling the 
dynamic cycling of nucleostemin. J Cell 
Biol 2005; 168(2): 179-84. 
9. Maingová Z, Filip S. Cancer stem  
cells–New approach to cancerogenensis 
and treatment. Acta Medica (Hradec 
Králové) 2008; 51(3):139–44.  
10. Bieh J.K, Russell B. Introduction to Stem 
Cell Therapy. J Cardiovasc Nurs 2009; 
24(2): 98-103.  
11. Kafienah W, Mistry S, Williams C, 
Hollander AP. Nucleostemin is a marker 
of proliferating stromal stem cells in 
adult human bone marrow. Stem Cells 
2006; 24(4):1113-20.  
12. Semil C, Tony S, Torsten B, Karin E, 
Elzo D, et al. Prospero acts as a binary 
switch between self-renewal and 
differentiation in drosophila neural stem 
cells. Developmental Cell 2006; 11:775–
89. 
13. Liu S.J, Cai Z.W, Liu Y.J, Dong M.Y, 
Sun L.Q, Hu G.F, et al. Role of 
nucleostemin in growth regulation of 
gastric cancer, liver cancer and other 
malignancies. World J Gastroenterol 
2004; 10(9):1246-9. 
14. Shirai H, Autieri M, Eguchi S. Small 
GTP binding proteins and mitogen-
activated protein kinases as promising 
therapeutic targets of vascular 
remodeling. Curr Opin Nephrol 
Hypertens 2007; 16(2): 111-5.  
15. Tsai RY, McKay RD. A nucleolar 
mechanism controlling cell proliferation 
in stem cells and cancer cells. Genes Dev 
2002; 16: 2991-3003. 
16. Ma H, PedersonT. Nucleostemin: a 
multiplex regulator of cell-cycle 
progression, Trends Cell Biol 2008; 
18(12): 575-9. 
17. Babaei E. Evaluation of the survivin 
Gene expression as a special tumor 
marker in diagnosis and prognosis of 
osteosarcoma.M.Sc. thesis, Faculty of 
Basic Sciences, Tarbiat Modares 
University [Persian].  
18. Jafarnejad S.M, Mowla S.J, Moghadam 
matin M. Specific Knockdown of 
Nucleostemin Gene Expression by RNA 
Interference in rat bone marrow 
mesanchimal stem cells. Sci J Blood 
Transfus Organ 2006; 4(4): 275-84.  
	
  
 " 
19. Jafari Kermani A, Fathi F, Mowla S.J, 
Gheisari Y. Expression of Oct-4, Sox-2, 
Nanog, Nucleostemin, Bmi-1 and Sox-9 
self renewal genes in human umbilical 
cord vein mesenchymal stem cells. Sci J 
Blood Transfus Organ 2008; 4(4): 275-
84. 
20. Sijin L., Ziwei C, Yajun L, Meigu D, 
Hongwei Z, Guofa H, et al. The Effect of 
Knocking-down nucleostemin gene 
expression on the in vitro proliferation 
and in vivo tumorigenesis of HeLa Cells. 
J Exp Clin Cancer Res 2004; 23(3): 529-
38. 
21. Ran-lu L, Yong XU, Zhi-Hong Z, Meng 
W, jian-Tao S, Shi-Yong Oi, et al., 
Expression of nucleostemin in prostate 
cancer and its effect on the proliferation 
of PC-3 cells. Chinese Med J 2008; 
121(4):299-304.  
22. Yue BH, WangYY, Yu L, Wang QX, 
Liu SA, et al. Effects of Nucleostemin 
gene silencing on morphology and 
cytochemistry of HL-60 cells. Life 
Science Journal 2008; 5(2): 9. 
23. Ma H, Pederson T. Depletion of the 
nucleolar protein nucleostemin causes 
G1 cell cycle arrest via the p53 pathway. 
Mol Biol Cell 2007; 18(7): 2630-5.  
24. Yaghoobi MM, Mowla SJ, Tiraihi T. 
Nucleostemin, a coordinator of self-
renewal, is expressed in rat marrow 
stromal cells and turns off after induction 
of neural differentiation. Neurosci Lett 
2005; 390(2): 81–6.   
25. Siddiqi S, Gude N, Hosoda T, Muraski J, 
Rubio M, Emmanuel G, et al. 
Myocardial Induction of nucleostemin in 
response to postnatal growth and 
pathological challenge. Circ Res 2008; 
103(1): 89-97.  
26. Fan Y, Liu Z, Zhao S, Lou F, Nilsson S, 
Ekman P, et al. Nucleostemin mRNA is 
expressed in both normal and malignant 
renal tissues. Br J Cancer 2006; 94(11): 
1658 –62.  
 
!
"#$	%&'()*	+ ,"-.)/,)0
$ 
Evaluation of Nucleostemin Gene Expression as a New Molecular Marker in Breast Tumors 
	









	
 
!
"#

$

1. Professor of Radiobiology, School of Natural Sciences, Tabriz University, Tabriz, Iran 
2. M.Sc. in Genetics, Department of Biology, School of Natural Sciences, Tabriz University, Tabriz, Iran 
3. Ph.D. student of Molecular Genetics, School of Natural Sciences, Tarbiat Modares University, Tehran, Iran 
4. Professor of Thorax Surgery, Department of Surgery, School of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran 
5. Assistant Professor of Pathology, Department of Pathology, School of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
* Corresponding author; e-mail: E-mail: pourfeizi@eastp.ir  
	

		
	 			

	
 
Abstract 
Background & Aims: Nucleostemin is one of the stem cell enriched proteins which encodes a novel 
nucleolar GTP-binding protein found at high levels in the adult and embryonic stem (ES) cells but not in 
terminally differentiated cells. It is also expressed in tumor cell lines as well as in the several types of human 
cancers. Due to the increasing rate of breast cancer in recent years, in the present study we evaluate the 
usefulness of Nucleostemin as a potential diagnostic and therapeutic molecular marker in breast tumors. 
Methods: A total of 41 tumoral and 20 non-tumoral adjacent tissues were studied by Semiquantitative 
Reverse Transciptase-Polymerase Chain Reaction (RT-PCR). 2m was used as an internal control. Data 
were analyzed through SPSS software. 
Results: According to the obtained results, nucleostemin is a proliferation marker with higher eapression in 
breast tumors rather than in adjacent normal tissues. Nucleostemin expression level was significantly 
correlated with profilertion potential of breast benign tumors (p< 0.05). The expression of Nucleostemin was 
significantly correlated with the advanced stages of breast tumors (p<0.05).  
Conclusion: Nucleostemin expression level may be used in estimating tumor size and as a potential 
prognostic marker for determinig breast tumors stage and future metastases. Moreover, nucleostemin 
inhibition can be an effective sterategy in decreasing the proliferation of breast tumor cell lines 
Keywords: Nucleostemin, Breast neoplasms, Reverse Transcriptace Polimeras Chain Reaction (RT-PCR)
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